PLIOCENE AND PLEISTOCENE FOSSILS FROM THE ARCTIC COAST OF
'ALASKA AND THE AURIFEROUS BEACHES OF NOME, NORTON SOUND, ALASKA.
INTRODUCTION.
Exploration of the geology of the Arctic and subarctic shores of Alaska began as early as the voyages of &tzebue and Beechey, in 1818 and 1826, and a detailed report on the vertebrate fossils found there, with a wealth of illUBtration, was made by Sir john ~i~h~d~~~ in 1854, in the zoology of the voyage of the ~~t h i~~ of importance bearing on the ti ti^^^ invertebrates of this region appears in the literature of the nineteenth tenturgr, and but lit& on those of fhe older form* tions. A search of the marine sandstone strata on the right bank of the Yukon near Nulato, made by me in 1867 and 1868, disdosed onb a few traces of fossils bdonging to the genus ~~2 6 s and led to the supposition that the age of the deposit might be Tertiary, but later investigations place it in the Mesoaoic. 'While I was in the Coast sumeg service in 1880 the Pleistocene deposits in Kotzebue sound and near in^ strait previously referred to by Chamisso, Beechey, and Richardson were examined,' and numerous v e r b brate remains were collected; but, vFith the exception of a species of PWium., no invertebrates were found.
With the explorations of F. C. Scbader and
W. J. Peters, of the '~n i t e d States Geological
Survey, in 1901 a the fkst really systematic geologic reconnaissance of the Arctic coast of Alaska was begun-They described the stratification of the coastal deposits and collected marine invertebrate fossils from them, part of which were submitted to me and determined to be of Pliocene age. A brief summary of the species Was prepared for the abovecited report.
When gold was discovered in the beach sands of the north coast of Norton Sound, near Nome, .
Ismoo-19
" in 1898, attention was attracted to this part of Alaska, and the Geological Survey, represented by *.
and C-Schrader, began geologic work in the year, but it was not until 1905 that any invertebrate fossils were received from the region; in that year a small lot of nine species received by F. H. Moffit, from Mr. J. J. p. Beaver, of Nome, were submitted to me, and later a report on them was published in the American Journal of S~ience.~ The attaching to these fossilrJ was so y e a t that the members of the Survey working m the region were urged to make special exertions t~ a larger series. I n 1908 E.%f.
P. S. Smith, and R. D.
Mesler succeeded in obtaining a considerable number of specimens from various localities in the vicinity of Nome, of which I Prepared a p r e l i m k a~ list. '
I n the summers of 1912 and 1914 collections were made on the Arctic coast of Alaska a t Peard Bay, about 30 miles southwest of Point Barnow, and at Carter Creek, Camden Bay, about 1 mile from the coast, by E. de K. b f i gwell. A Small series of specimens submitted by Leffingwell to the United States Geological Survey was determined by me and considered, to belong to a stratum of the same Pliocene age as those obtained farther east on the Arctic Schrider and GEOLOGY.
COLVILLE "SEBXES."
The portion of the Colville "series" referred to the later Tertiarg is thus described by %bader:E ~b i a portion of tbs sfction ia practically free from indurated rock. It con~ists of nearly horizontally stratified be& of b e gray, slate-colored, or ash-colored calcareous silts, containing faunal remains. I t is tentatively referred to the Pliocene on the basis of fossils collected in place by the writer i n the bluff (near its top) on the west side of the Colville about a mile north of the seventieth parallel.
The section assigned to the Pliocene horizon a t Carter Creek, 1 mile from the coast of Camden Bay, on the Arctic shore of Alaska, was measured by Leffingwell as follows:
Section at Carter Creek. C. Pale-gray sand with marine fossils..
100
The fossils appear from the collections to be most abundant in the lower 100 feet of the section.
GTJBIK SAND.
Schraderl describes the supposed Pleistocene deposit of the Colville River region as follows:
Besides the Tertiary Colville aeries, which underlies the NOME, ELEVATED BEACHES.
On the south side of Seward Peninsula (originally given the native name Eaviiak), on the north shore of Norton Sound, the gold prospectors have revealed the presence of a series of ancient beaches the gravels of which contain numerous marine fossils, including a cowiderable proportion of extinct species leading to their identification as of Pliocene age. In referring the horizon containing the numerous -extinctspecies to a pre-Pleistocene age my conclusions rest intirely upon the paleontologic evidence. I t is proper to state that P. S. Smith and A. H. Brooks, of the Geological Survey, from physiographic observations, are disposed to assign a Pleistocene age to the beaches. In regard to the succession of the strata there is no difference of opinion.
The present beach near Nome may be considered the " fist beach." The "second beach "
lies inland, a t an irrepular distance that varies
Colville series, apparently as a continuous mantle. * * *
The deposit consists of fine sand, with apparently an admixture of considerable silt. In some localities i t seems to be more sandy toward the bsse and more eacthy toward the top, where it terminates in from one to several feet of dark-brown or black humus. clothed at the surface with coastal plain along Colville River, the section here com-~G e s deposits supposed to be Pleistocene. Of probably the most important and interesting is a surficlal deposit of brownish sand or loam about 10 to 15 feet in thickness, which unconformably overlies the beds of the moss and a little grass. I t ia ordinarily free from gravel, " with the topography but is e v e w h e r e less than a mae, and has an elevation sea level of 37 feet. The "third beach," some 23 to 34 miles inland, has been elevated to the height of but in several instances subangular cherty pebbles, ranging from mere sand grains to fragments as large as onefourth inch in diameter, were found. These occur very scatteringly and are sometimes roughened, as if wind worn. In some localities a fine gravel seems to intervene between the base of the deposit and the underlying Tertiary beds, as if representing the basal part of the deposit. The deposit as a rule is structureless, or without stratification planes. Owing to this fact, together with its surficial and widespread occurrence and the homogeneity of its materials, for want of a better t e h in field workit was called loess, but in the fear that thig term may be u n d k b l e , it is here named the Gubik sand, after the Eskimo name of Colville River.
I n a low bluff on the coast 15 miles south-' west of Point Barrow settlement and in the talus from this bluff Lefigwell found five species of invertebrate fossils, all belonging to recent species. This deposit is probably Pleistocene and may be tentatively correlated with the Gubik sand of Schrader, which occupies a similar position in the section farther east.
1 Op. cit., p. 93. 79 feet above the sea.3 Between the second and third beaches are several less well-dehed intermediate beaches, one of which is 22 feet above sea level, thus being lower than the second beach, to the south of it. Between the second beach and the present bsach shafts have been sunk to a depth of 65 to 70 feet which reach a t about 20 feet below the present sea level the oldest beach of all those now known, which has locally received the name submarine beach or beaches. These beaches have been described in detail byMoffit in the bulletin cited. Doubtless still others remain to' be discovered.
INDICATIONS OF ELEVATION AND CLIMATE.
The indications of the Tertiary geology of the northern and northeastern shores of Alaska are therefore, in substance, that from early Pliocene (if not even older) time the land underwent a general elevation, broken by periods of rest sufficient to allow the formation of low scarps with their attendant beaches, and a t least one unimportant depression during the earlier portion of the period. The massive granite extrusions, such as form Cape Prince of Wales, the Diomede Islands of the Bering Strait, and a considerable portion of the Asiatic coast on the west side of the strait, though probably not all of one age, are almost certainly all older than the period during which these beaches were in process of formation.
The presence of widely distributed Eocene or Oligocene leaf beds and lignitic coals, covered in some localities by beds of sandstone containing marine Miocene fossils, shows that a milder climate in earlier Tertiary time, allowing a profuse growth of oaks, planes, figs, and other trees, was succeeded during the Miocene by a de'pression of much of the land below the sea level with a much colder climate and considerable volcanic activity. This was followed by a moderate amount of elevation, which has been practically continuous to the present time. During the Pliocene the climate seems to have moderated, judging by the character of the marine fauna, to be later subjected t o the Arctic temperatures which came in with the glacial epoch and still persist. locality or that the assumed migration must have taken place over the ice of the strait when frozen, possibly during the glacial epoch.
INTERCOMMUNICATION OF ATLANTIC AND
PACIFIC FAUNAS IN PLIOCENE TIME.
Still another important conclusion is indicated by a study of the characteristics of the Pliocene marine invertebrate fauna. I have already stated that the fauna indicates a more temperate sea than a t present washes those shores. Taken in connection with other data derived from a study of the North Atlantic Pliocene deposits in England, Iceland, and on the New England coast, the present investigation shows that a more free connection probably existed in Pliocene time between the North Atlantic and the Bering Sea regions. This is indicated by the presence in North Atlantic Pliocene beds, as fossils, of species still living in Bering Sea, and conversely by the presence in the North Atlantic recent fauna of species belonging to groups now extinct
ROUTES OF MIGRATION OF FAUNA.
The bearing of these conditions upon the theories relating to the immigration of hia-tic land animals into America is important. A supedicial glance a t an ordinary map is likely to lead the observer who go-no deeper into the subject to the conclusion that land bridges, including the Bering Strait region and the Aleutian Island chdn, may rewonably be assumed as the routes by which Asiatic immigrations took place.
I have elsewhere* pointed out the serious objections to these assumptions that arise from a more thorough bowledge of the geology. So far as the Aleutian route is concerned i t must be positively rejected as impracticable. The Bering Strait region offers more plausibility, yet the evidence so far gathered from geologic exploration indicates not only that no closer land connection than a t present has existed between the two continents at Bering Strait since Miocene time but, on the contrary, that the present separation is less than a t any period during that time. The conclusion from our present knowledge is inevitable either that the postulated land bridges must have existed in some other 1 Am. Anthropotogist, vol. 14, pp. 12-18, 1912.
on the Pacific side in the Pliocene a t Nome. P. W. Harmer12 who is a t present revising the fauna of the Crag of England and Iceland, has already found genera and species now extinct in the North Atlantic region but living in Bering Sea. I t is probable that on the completion of his monograph a still larger number will be noted.
In an investigation of the fossils of the marl a t Sankaty Head, Nantucket, the lower horizon of which is probably upper Pliocene, J. Howard W i l~o n ,~ in 1904, found several Bering Sea, species now extinct in the Atlantic region. The presence of Corbicu2a in a small Pliocene lens discovered by Woodworth above tbe Miocene beds of Gay Head, Marthas Vineyard, is proof that on the Atlantic, as on the Pacific coast, the Pliocene was an epoch in which the temperature of the sea in that region was higher than in the preceding and subsequent epochs. The presence of Rangia in the fossil fauna of Cornfield Harbor, Chesapeake Bay, is confirmatory evidence to the same effect.
There is also evidence of a southward extension of the cooler-water fauna of the Californian Pleistocene on the Pacific coast as far as the island of Socorro, which will be presented in a future publication.
LISTS OF SPECIES.
The species collected a t each locality on the Alaskan coast above indicated will now be enumerated. The collectors' station numbers are given when such numbers appear on their labels. The large numbers are those of the stations as registered in the official records oi the United States Geological Survey. There Sp a possibility that the specimen may represent a broken and decorticated Coluus. appressed suture strongly undulated by the ribbing; the penultimate whorl has seven extremely strong protractively angular axial ribs, projecting ast stout knobs a t the shoulder, ' which are connected by an obscure spiral ridge; the interspaces are deep and about as wide as the ribs; on the upper whorls the series of knobs develop into a continuous broad undulating spiral ridge and the ribs disappear; the last whorl is deficient, but the remaining portion indicates that it was ribbed, a t any rgte near the suture. Height of the penultimate whorl, 25 millimeters; diameter, 36 millimeters.
Station 7619 (18a A fragment only of this species was obtained, but its characteristics are so pronounced that I Shell of moderate size, with more than four rounded whorls (apex decollate) separated by a distinct, deep, but not channeled suture; whorls widest a t the shoulder; spiral sculpture of (between the sutures three, on $he last whorl about 14) strong, somewhat flattened cords regularly spaced and separated by wider channeled interspaces in which run from one fo three minor cords which, toward the canal, may be absent; axial sculpture of (on the last whorl eight or nine) rather narrow, not very prominent sigmoid ribs extending from the suture over the body and becoming obsolete on the base; these ribs are less distinct on the spire, and the surface also bears h e , close-set incremental lines; pillar twisted, inner lip slightly erased; canal moderately long with a very feeble siphonal fasciole, slightly recurved; outer lip defective in the specimen. Height of (decollate) three whorls, 74 millimeters; 
I
Shell large, solid, dextral, with a short s p k and expanded last whorl; whorls about five, rapidly increasing; nucleus large, swollen, of about 'two whorls (decorticated in the specimen); subsequent whorls sculptured all over with extremely fine, close-se t spiral threads ; axial sculpture of inconspicuous incremental lines and on each whorl five very prominent rounded sigmoid ribs diminishing toward the base and stronger a t the shoulder, below which they are very obliquely inclined forward; the interspaces are much wider than the ribs; the suture is deep but hardly channeled; the whorl rises a little a t the posterior corner of the aperture and on the inner lip is a thin layer of enamel. The base and aperture of the unique specimen are deficient. Diameter of specimen a t aperture from the inner lip, about 50 millimeters; estimated original length, about 75 millimeters.
Pliocene a t station 627, 40 miles up G1-ville River from its mouth at the Arctic coast, in silt beds 80 feet above the river, 5 to 15 feet below the base of loess, 20 feebbelow the surface of the soil. Collected by F. C. Schra&r. U. S. Nat. Mus. catalogue No. 210854. This form is represented only by worn and more or less defective specimens which resemble the form from the Pliocene of Coos Bay, Oreg., described by the writer.
It is certainly a precursor of N. lumellosa Gmelin and would probably by casual observers be referred to as a variety of that species. The shell is nearly smooth, only ob-
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solete traces of spiral sculpture being apparent. The general aspect is rude, the suture closely appressed. None of the specimens show any denticulation on the inside of the outer lip; there is a strong siphonal fasciole and a very narrow chink between the fasciole and the pillar, which is thick and callous, though there are no indications of a thickening of the inner lip. In size and general characteristics this form closely approaches N. lameZZosa. This species is of the type of Zittorina pa& Ziata Say, of which no living form now inhabits the P a c s c Ocean or any part of the Arctic coast west of Mackenzie River and east of the Lena. The specimen retains some of the yellowish coloration characteristio of the Atlantic form, and after a scrutinizing comparison with specimens of Littorina p a t liata from Rhode Island and with all the varieties of obtusata from Europe, no characters have been disoovered by which the Nome fossil can be distinguished from L i t t o k p a t liata. This is natural enough, as obtusata has never been found in America, whereas palEata is excessively common on the New England coast in localities where it has not been supplanted by the introduced Littoha Zitorea.
The differences of size, form, and geographic distribution seem to be conclusive as to the . specific distinction between Littorim obtusata and Littorim palliata. They are not Arc-. tic shells. This stratum, from the collector's notes, seems to be some 220 feet below the uppermost stratum of the section.
PELECYPODA.
Shell large for the genus, ovate, apex very anterior, the back behind it roundly arched, the anterior slope more steeply descending; the apex blunt, usually eroded; sculpture of fine radiating threads with subequal interspaces, more or less cut into segments by incised lines corresponding to resting stages and equally distributed over the shell; interior white, the margins entire, smooth; the muscular impression narrow, connected in front of the head by a linear scar indicating the attachment of the mantle. Height, -10 millimeters; length, 29 millimeters; breadth, 25 millimeters; apex be- Plate V, figure 8.
Shell small, slender, arcuate, smooth, with circular section and no swelling ventrally; the color is white with narrow translucent zones irregularly disposed. Length, 7 millimeters; diameter a t anterior end, 0.75 millimeter; height of arc described by the ventral curve, 1.2 millimeters.
Station 7070. Pliocene of Carter Creek, in the Camden Bay region of the Arctic coast, stratum C, 100 feet below stratum B and 600 feet east of station 7069, 1 mile from the coast.
Collected by E. de K. Idlbgwell, 1914 . U. S.
Nat. Mus. catalogue No. 324322.
Shell large, rather rude, belonging to the group of Pecten swifti Bernardi. Right valve with four broad, low radial ribs separated by much narrower, shallow, ill-dehed interspatial furrows; the whole surface sculptured with strong radial, more or less paired flattish cords, often minutely medially grooved and sometimes separating into two distinct radii; the interspaces are about as wide as the cords and distinctly channeled; they also retain patches of a minute reticulated surface lamellation; the beak is pointed, the anterior ear. large, aliform, with an acute but not deep notch, leaving a broad concentrically laminate f asciole, the margin of the disk a t the notch with a ctenolium of two or. three rather widely separated short spinules; the radial threads crossed by rather c o q e incremental lines; the posterior ear is very short, narrow, and oblique; inner surface of the valve smooth except near the distal margin, where i t reflects the external sculpture; the adductor scar large, the resil? iary pit rather small for the size of the shell, with the lateral margins raised; a narrow, transversely striated area exists, broader on the left valve; there are no auricular crura. Left valve with five narrow radial ribs sep* rated by wider shallow interspaces which are wider on the posterior half of the disk; the surface is covered with radial cords as in the other valve, but these are finer and closely crowded on the submargins; the reticular surface layer is the same as in the left valve, but the right valve as usual is more convex; anterior ear triangular, large, with about eight or ten radial cords; posterior ear narrow and short; both set off from the submargins of the disk by a deep, wide furrow; hinge line straight, with a flat area half as wide as the length of the pit. The shell indeed much resembles the Japanese form, but it has not the concentric waves due to resting stages that appear in P. swifti, and the posterior ear is of quite different shape. The two bear to one another much such a relation as is found between Pecten nodosus of the Antilles and P. subnodosus of the Pacific coast of America.
Related to this species is the P. p e Dall from the Pliocene of San Diego, Calif., with which fragments from Pliocene deposit near Crescent City, Calif., were identiiied. The latter (figured by Arnold2)upon later and more exact study prove to be indistinguishable from . the true P. swiftti of Japan. The minute structure of the reticulated outer layer of P.
pamneleei is quite distinct from that of P. swifti or the present species, but this delicate structure is so rarelg. preserved intact in the fossils that its help in specsc discrimination is seldom available. No further specimens of this very distinct species have come to hand.
, Pecten (Chlamys) n. sp.
In the material from the dump of an 80-foot shaft about a mile north of Nome (station 7477) were fragments of a Pecten undoubtedly distinct from any known northeastern Pacific species, but insufficiently complete to warrant naming. The ribs are high, with wider channeled inter- spaces. On the back of the ribs in the middle of the valve is a strong radial cord on each side of which is a smaller cord separated from the median one by a narrow groove. The more lateral ribs have a groove between two moderately strong cords, the inner cord of the medial ribs becoming obsolete. The ribs bear small low imbricating scales. In the interspaces the h e sculpture is minutely tessellate, the alternate scales sometimes raised, giving a minutely pustular effect. The medial ribs are about 3 millimeters and the interspaces .
about 4 millimeters wide. The submargins are feebly and more numerously threaded. The interior is smooth, grooved in harmony with the external sculpture. The shell probably reaches a length of some 3 inches when adult.
Astarte actis Dall, n. sp.
Shell of moderate size, rounded, very thick, nearly equilateral, beaks rather pointed, not conspicuous, usually more or less eroded; lunule lanceolate, narrow, elongate, shallow; ligamentary nymph strong, the nearly linear escutcheon extending beyond it 3 or 4 millimeters; outer surface rather rudely sculptured with coarse concentric incremental lines ; hinge extremely heavy,-in the right valve a strong thick cardinal with deep pits on each side to receive the two narrower cardinals of the left valve, the posterior of which is more or less radially furrowed; there are traces of an obsolete anterior lateral in the left valve and of a receptacle for it in the right valve which vary in distinctness with the individual specimen ; impressions of the adductors and mantle attachment are usually deep and distinct; the inner margins of the valves are entire. Height, 33 millimeters; length, 36 millimeters ; diameter, 20 millimeters.
Station 5074 (1% Shell of moderate size, rather inflated, the general profile like Saxdomus giganteus on a small scale; surface sculptured with rather . SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1m9.
rude incremental lines; anterior end shorter, beaks rather pointed over a conspicuously depressed but not sharply limited lunular area; there is no escutcheon; a rather long nymph supported an external ligament under which in one specimen in the left valve is an excavated space having the aspect of the resilifer for a rather large internal refilium; in front of this is a single strong cardlnal tooth with a wellmarked socket for a cardinal of the opposite valve; the hinge of the right valve is deficient in the specimen, but under the lunule there is a rather well-marked lateral lamina; the posterior end of the shell is rather bluntly rounded, the base evenly arcuate; the muscular scars are emphatically excavated, the inner valve margins smooth. Proportions taken from the incremental lines of a fractured specimen: Height, 16 millimeters; length, 25 millimeters; diameter, about 10 millimeters. The whole specimen when entire must have had a height of about 30 millimeters, and a length of more than 37 millimeters.
Station 7069. Pliocene of Carter Creek, stratum B, 80 feet below stratum A, and 100 yards east of station 7068. U. S. Nat. Mus.
catalogue No. 324304.
The specimens of this species consist of three fragments, only one showing the entire hinge. The excavation resembling a resiliary pit is probably the effect of erosion, in which case the shell would be allotted to the genus Asturte. At any rate the species can not be a typical Crassatellites, on account of the well-marked external ligament. Other specimens otherwise similar have the hinge of Astarte, though the teeth are more oblique and less triangular than in most of the Recent species. Shell small, rounded triangular, with prominent prosocoelous pointed beaks; nearly equilateral, the anterior end slightly shorter; lunule lanceolate, deeply impressed, concentrically striated., bounded by a sharp angular keel; escutcheon narrow, elongated, obscure; umbo-* nal angle about 90°, dorsal slopes straight, ends and base evenly rounded; sculpture divaricate, some specimens with narrow ribs with the apex central and the interspaces equal, the ribs becoming wider and more irregular toward the ends of the shell, others with few broad divaricate ribs tending to obsolescence in the middle of the disk, and still others having broad, low ribs irregularly broken up into flattish nodules distributed divaricately but more or less irregularly; cardinal teeth short, narrow, two in the left and one in the right valve; ligament short; margin of the left valve, under the escutcheon, grooved; cavity of the valve extending under the hinge, adductor scars impressed, internal margins of the valves smooth. This is larger and broader than the 0.
ku&m Dunker, the only species now found living on the coast, and differs in outline from the Atlantic 0. siziqw Daudin, which has also a more irregular pallial line and larger adductor scars.
Mya n. ep.?
The genus Mya is represented in the collection only by fragments including the more solid parts of the valve near the hinge. The chondrophore is more oblique than in any recent American species and resembles that of Mya japmim, but the receptacle of the flatter valve is entirely different in details from that of any of the boreal species, all of which have been compared with it. This leads to the concluiion that i t represents a distinct species, but I refrain from naming it until specimens showing the characters of the entire shell shall have Keen collected. Numerous defective specimens have been examined. Pliooene.
Fragments were co&xted a t stations 18a 
